Primary hypothyroidism is associated with oxidative stress and insufficient antioxidant capacity. This study was conducted to evaluate the effects of levothyroxine replacement therapy on paraoxonase 1 (PON-1) serum levels in a patients with primary hypothyroidism. Thirty-one patients with primary hypothyroidism compared to 20 healthy controls were recruited from. A venous blood sample were taken after an overnight fasting for biochemical parameters, before and after starting levothyroxine therapy (100 μg/day) for 3 months duration. The biochemical variables were PON-1 serum levels, lipid profiles, triiodothyronine (T3), thyroxin (T4), and thyroid stimulating hormone (TSH) serum levels. Levothyroxine replacement therapy leads to a significant amelioration of thyroid functions, lipid profile, cardiometabolic measures P < 0.05 in patients with primary hypothyroidism. Levothyroxine leads to significant elevation in PON-1 serum levels from 188.42 ± 19.81 (U/mL) to 361.23 ± 33.62 (U/mL) P < 0.0001. This study concluded that levothyroxine replacement therapy significantly increases PON-1 serum levels in patients with primary hypothyroidism and attenuating hypothyroidism-induced oxidative stress.
INTRODUCTION
Primary hypothyroidism is an endocrine and metabolic disorder characterized by nonspecific and subtle clinical signs and symptoms. [1] The initial biochemical change in hypothyroidism is elevation in the thyroid stimulating hormone serum levels (TSH) with normal thyroxine (T 4 ) and triiodothyronine (T 3 ) levels, which called subclinical hypothyroidism, but when T 4 and T 3 sera levels decline, this called overt hypothyroidism. [2] The incidence of primary hypothyroidism is 1%-2%, which is more in females than males; the causes of this clinical condition are autoimmune thyroiditis, thyroid surgery, radioiodine therapy, and malignancy. [3] Primary hypothyroidism elevates the risk of ischemic heart disease due to the reduction of nitric oxide that leads to endothelial dysfunction and vascular complications. [4] In hypothyroidism, the basal metabolic rate is reduced that decrease the production of free radicals production. Recently, a significant association between hypothyroidism and augmentation of free radical productions are occurring leading to the detrimental effects on the endogenous antioxidant enzymes, which is not same in different tissues. [5, 6] Human body antioxidant defence mechanisms against oxidative stress include non-enzymatic and enzymatic pathways. Paraoxonase-1 (PON-1) is one of the enzymatic pathways that found on high-density lipoprotein (HDL) which concerned with hydrolysis of oxidized lipoproteins. [7] PON genotype forms are PON-1, PON-2, and PON-3 which are encoded by genes located on chromosome-7, the differences in them are related to the activity and main location. [8] PON-1 is synthesized by the liver and transported closely with HDL in the plasma; it inhibits low-density lipoprotein (LDL) oxidation, superoxide productions, and HDL peroxidation. [9] Therefore, it regarded as potential antioxidant leads to cytoprotection against lipid peroxidations. Consequently, PON-1 activity is decline in oxidative stress of different etiology as in ischemic heart disease and hemolytic anemia. [10] Torun et al., study demonstrated that increased oxidative stress in primary hypothyroidism may be due to insufficient antioxidant capacity and alterations in lipid metabolism. [11] Levothyroxine is a synthetic hormone similar to thyroxin used in treatment of primary hypothyroidism, which is peripherally converted into an active form T 3 and binds the nuclear receptors, absorbed orally and affected by food and 99% of it bind the plasma proteins (inactive) while the free form is regarded as active form, levothyroxine elimination half-life is 7 days in healthy controls and 10 days in hypothyroid patients. [12] Therefore, the present study was designed to evaluate the effects of levothyroxine therapy on PON-1 serum levels in patients with idiopathic primary hypothyroidism.
PATIENTS AND METHODS
In this study, 31 patients (17 females and 14 males) with primary hypothyroidism were selected according to the criteria of the British Thyroid Association Executive Committee, [13] with a mean age of 45.87 ± 11.89 compared to 20 healthy controls. The patients were recruited from the Iraqi Endocrinology Center; Baghdad-Iraq during August 2017, this study was done in cooperation with the Department of Clinical Pharmacology, College of Medicine, Al-Mustansiriyia University. This study was approved by the Ethics Committee and Scientific Medical Board at College of Medicine, Al-Mustansiriyia University according to the Declaration of Helsinki 2008. [14] Learned and informed consent was taken from all enrolled patients before starting the study.
Study design
Thirty-one patients, a newly diagnosed primary hypothyroidism were selected; 10 ml of venous blood sample were taken at morning after an overnight fasting for baseline biochemical parameters that regarded as baseline (before starting levothyroxine therapy (100 μg tablet, Merck Darmstadt, Germany SIN 9741P) daily for 3 consecutive months' duration then second blood samples were taken, which regarded as posttreatment effects. Blood samples were stored at −20°Ċ until the time of biochemical assays.
Biochemical assays
The measurement of PON-1 levels was done by ELISA method (ELISA Kit SK00141-01, AVISCERA BIOSCIENCE INC). T 3 , T 4 , and TSH levels were measured by Enzyme Immunoassay, Colorimetric (Accu Bind VAST KITS).
Measurement of lipid profiles
Triglyceride (TG) (TG ELISA Kit Wako Chemicals USA, Inc.,) total cholesterol (TC) (Cell Biolab, Inc.) and HDL (Cell Biolab, Inc.,) were assessed by specific ELISA kits; from this profile, we can measure the followings: LDL = (TC)-(HDL)-(TG)/5, very LDL = TG/5. [15] 
Anthropometric and cardio-metabolic measures
Body mass index (BMI) = body weight (kg)/height (m 2 ). [16] Atherogenic coefficient (AC) = (TC-HDL)/HDL. [17] Atherogenic index = log (TG/HDL), when TG and HDL measured in mmol/l. [18] Cardiac risk ratio (CRR) = TC/HDL. [19] Statistical analysis SPSS 19 .0 for Windows (SPSS Inc., Chicago, USA) was used for data analysis. Data were presented as mean ± standard deviation, paired and unpaired Student's t-test, were used for evaluation of differences regarding P < 0.05 as the lowest limits of significance.
RESULTS
A total number of 51 out of 55 individuals completed the study; four patients were excluded because they not met the selected criteria [ Figure 1 ]. The enrolled individuals (31 patients and 20 healthy controls) were presented with specific characteristics [ Table 1 ]. Patients with primary hypothyroidism before starting the treatment were significantly differed from controls in biochemical and anthropometric parameters P < 0.05 except at the age were they do not differ significantly P = 0.523, serum PON-1 serum levels in patients with primary hypothyroidism were 188.42 ± 19.81 (U/mL) that differ significantly from normal healthy controls PON-1 serum levels 366.39 ± 32.56 (U/mL), P < 0.0001.
Levothyroxine treatment led to a significant amelioration in thyroid functions, lipid profile, cardiometabolic measures, and serum PON-1 serum level P < 0.05 in patients with primary hypothyroidism, without significant effect on BMI P = 0.316. Indeed, results of the present study demonstrated minor significant differences between controls and patients at posttreatment period in BMI P = 0.0477, total T 3 P = 0.023, TC P = 0.033, and TG P = 0.020, but there was a high significant of difference in diastolic blood pressure P < 0.0001 [ Table 2 ].
Moreover, levothyroxine (100 μg/day) for 2 months duration led to highly significant amelioration in all biochemical variables and blood pressure changes as well as rising in PON-1 serum levels P < 0.01, but there was insignificant effect on BMI P = 0.316 [ Table 3 ].
At pretreatment period, PON-1 serum levels were positively correlated with TSH serum levels (r = 0.1223) and negatively correlated with free T4 (r = −0.2086, P = 0.196), total T4 (r = −0.5571, P = 0.004), Free T3 (r = −0.0059, P = 0.49), and total T3 (r = −0.4942, P = 0. 012). While, at posttreatment period PON-1 serum levels were positively correlated with TSH serum levels (r = 0.3867, P = 0.046), negatively correlated with free T4 (r = −0.2197, P = 0.161), total T4 (r = −0.3537, P = 0.053), free T3 (r = −0.2416, P = 0.138) and Total T3 (r = −0.3895, P = 0.037). Thus, PON-1 serum levels were positively correlated with TSH serum levels and negatively correlated with T4 and T3 [ Table 4 ].
DISCUSSION
Thyroid hormones control and regulate oxidative metabolism, body's antioxidant, free radical generations, and basal metabolic rate. [20] Hypothyroidism is associated with a reduction of antioxidant productions. [21] Sarandol et al., study revealed the augmentation of oxidative stress in overt hypothyroidism due to dysfunction in mitochondrial respiratory chain which control oxidative and antioxidant balance. [22] The present study showed significant detrimental effects of overt hypothyroidism on lipid profile, cardio-metabolics profile and the antioxidant PON-1 serum levels compared to normal healthy controls these findings correspond with a recent study that demonstrated an association between hypothyroidism with significant elevations in the inflammatory biomarkers that predispose to cardiovascular complications. [23] Patients with overt primary hypothyroidism in the current study were associated with significant reduction in PON-1 serum levels, as supported by Azizi et al., study that demonstrated a reduction in the PON-1 serum level is linked to primary hypothyroidism, [24] while Milionis et al. revealed insignificant differences in PON-1 serum levels in patients with primary hypothyroidism compared to control. [25] Posttreatment effects of levothyroxine led to significant amelioration in biochemical and cardiometabolic profile with elevation in PON-1 serum levels these compatible with Sigal et al., study that showed significant dyslipidemia and reduction in PON-1 serum levels that are reversed by levothyroxine replacement therapy [26] while Kebapcilar et al. showed insignificant elevation in PON-1 serum levels after levothyroxine replacement therapy. [27] In addition, levothyroxine therapy improves atherogenic index, AC, blood pressure, and CRR in patients with primary hypothyroidism since; experimental hypercholesterolemia in hypothyroidism lead to cardiomyocyte damage and endothelial dysfunction with significant elevations in cardiac risk scores and atherogenic index, which per se explain the beneficial effects of levothyroxine on CRR [28] as revealed in our study.
Moreover, Baskol et al., study showed a higher oxidative markers and lower PON-1 activity in hypothyroidism lead to lipid peroxidation and prooxidant status that provoked the reduction of PON-1 antioxidant activity. [29] This explains the potential therapeutic benefits of levothyroxine in rising PON-1 serum levels and consequently, improvement in antioxidant system at physiological levels. The linking between primary hypothyroidism and oxidative stress remain unknown, antioxidant deficiency in hypothyroidism lead to failure in neutralizing the intrinsic and extrinsic oxidant factors which contribute to oxidative stress and cell damage. [30] Therefore, levothyroxine act as protective hormone against oxidative stress through activation of antioxidant defense and reduction in lipid peroxidation. [31] In reality, the present study exhibited a positive correlation between PON-1 serum levels and TSH levels with negative correlations with free and total T3 and T4 as supported by Yavuz et al., study that exposed a negative correlation between PON-1 activity and thyroid hormones with positive correlation with TSH in TSH-suppressed goiter. [32] In addition, low PON-1 serum levels in our patients may be due to high BMI and dyslipidemia as supported by previous studies that illustrated a link between low-HDL-PON activity and membrane peroxidation in obese and dyslipidemic patients. [33] 
